ative legumes, once integral to North American grassland ecosystems, have attracted renewed attention in recent years. Their use in prairie restoration and as livestock forages and even grain crops have been the subject of recent investigations (Kulakow 1999; Lin and others 1999; DeHaan and others 2003; Fischbach and others 2006) . In Missouri, the native legume genus Desmodium is an important source of wildlife food and habitat (Steyermark 1963; Sudkamp and others 2008) and is included in seed mixes for some CRP practices ( Figure 1 ). There are at least 20 Desmodium species in Missouri (Raveill 2005) and they are found on sites ranging from open prairies and glades to savannas and woodlands (Steyermark 1963) (Figure 2 ). Because of this diversity, several Desmodium species were evaluated by Lin and others (1999) for use in silvopastoral systems. They reported that dry matter production of D. canescens and panicledleaf ticktrefoil (D. paniculatum (L.) DC.
[Fabaceae]) did not decline when light was reduced under simulated shade suggesting that some Desmodium species would yield well in shaded environments and possibly contribute significant amounts of nitrogen (N) to the site. Reports on the shade tolerance of tropical Desmodium species also suggest a range in tolerance to reduced light intensity (Ericksen and Whitney 1982; Wong and others 1985; Stür 1991; Wong 1991) with some species reaching maximum biomass yield at light intensities as low as 34 to 45% full sunlight.
Because native legumes often have greater concentrations of crude protein and neutral detergent fiber than is commonly Effects of shade on growth and nodulation of
T H R E E N A T I V E L E G U M E S
with potential for use in agroforestry James H Houx III, Robert L McGraw, Felix B Fritschi, and Nadia E Navarrete-Tindall
In the Midwest US, native legume species adapted to savanna environments may grow well under varying shade conditions. These species may be ideal for use within tree rows in alley-cropping practices and on tree plantations by providing biologically fixed nitrogen, ground cover, and wildlife food and habitat. A greenhouse experiment was conducted to evaluate the effect of 3 different light levels (100%, 45%, 20%) on the growth and nodulation of 3 Desmodium (Fabaceae) species: Hoary ticktrefoil (D. canescens (L.) DC.), Showy ticktrefoil (D. canadense (L.) DC.), and Illinois ticktrefoil (D. illinoense A. Gray). All species produced equal amounts of dry matter at 45% and 100% light, but significantly less dry matter at 20% light. All species had greater or equal concentrations of nitrogen (N) at 20% light compared with 45% or 100% light. The number of nodules per gram of plant dry weight and nodule dry weight was similar at all light levels within each species. A significant species x light interaction was found for the number of nodules per plant because nodule number decreased in both D. canescens and D. canadense but not in D. illinoense for plants grown at 20% in comparison with 45% light. The number of nodules per plant and the number of nodules per gram of plant dry weight were lower under all light conditions for D. illinoense compared with the other species. Results indicate that these native legumes grow as well at 45% light as they do at 100% light, and shade does not reduce N concentration. , shade-tolerant Desmodium could improve wildlife forage quality and habitat, and it may contribute N to the tree crop if used as a living mulch within tree rows in alley-cropping systems or on tree plantations. The superior protein concentration of legumes is generally attributed to symbiotic nitrogen fixation; however, symbiotic nitrogen fixation is a very energyintensive process and is often reduced in legumes under shaded conditions (Lawn and Brun 1974; Ta and Faris 1988) . Thus, the effect of reduced light intensity on nitrogen fixation of native warm-season legumes grown in shaded environments may affect not only biomass production but also N fixation and wildlife forage and habitat quality. Little is known, however, about the effects of shading on growth, nodulation, and biological N fixation of native legume species in the Midwest US.
The objectives of this study were to determine the effects of 3 different light intensities on: (1) biomass production and nitrogen concentration; and (2) nodule number and nodule biomass of D. canescens, D. canadense, and D. illinoense. To do this, controlled greenhouse conditions were required to grow these species in N-free media while supplying N-free nutrient solution so that the only source of N for growth was biological N fixation. The species were chosen based on their likelihood for tolerance to light to moderate shade as they naturally occur in prairies, savannas, and open woods (Steyermark 1963) . [Fabaceae] ) seeds were surface sterilized by soaking in 10% ethanol for 2 min and rinsing with distilled water; the process was repeated twice. Seeds were germinated in moist, sterile germination paper. Three germinated seeds of each species were transplanted into a total of 18 Deepot® (D25LW [5 cm diameter x 25 cm depth] [2 in x 10 in], Stuewe and Sons, Corvallis, Oregon) that were filled with fine vermiculite. They were then placed in the glasshouse. Seedlings were inoculated with Desmodium rhizobia inoculum (Urbana Laboratories, St Joseph, Missouri) and grown for 4 wk before being placed in shade structures. At this time each Deepot was thinned to one plant. Seeds originated from several sites in Phelps, Barton, Boone, and Howard counties, Missouri, and were cultivated in seed increase plots at the University of Missouri, Horticulture and Agroforestry Research Center, New Franklin, Missouri.
M A T E R I A L S A N D M E T H O D S
Shade structures measuring 61 cm (length) x 91.5 cm (width) x 61 cm (height) (24 in x 37 in x 24 in) were constructed with 1.3 cm (0.5 in) diameter PVC pipe and covered with shade cloth (PAK Unlimited, Cornelia, Georgia) to sim- Photo by Nadia Navarrete-Tindall ulate either 20%, 45%, or 100% (no shade cloth) light. Shade cloth effects were verified with a Quantum Meter (model BQM-SUN, Apogee Instruments, Logan, Utah). Two Deepots of each species were placed in each of the shade structures. Three structures, each representing a shade treatment, were grouped into blocks and each block of the 3 shade treatments was replicated 3 times. Plants were watered as needed with distilled water and a Broughton-Dilworth nitrogen-free nutrient medium (Somasegaran and Hoben 1994) was applied twice weekly. Greenhouse temperatures were maintained between 24 °C and 37°C (75 °F and 99 °F) during the experiment.
After 90 d of growth, plants were removed from the Deepots and rinsed to remove the potting media. Root nodules were counted while fresh. The whole plant sample was oven-dried at 55 °C (131 °F) for 96 h prior to dry weight determinations. Nodules were excised from roots, recounted, and weighed for nodule dry weight, and the number of nodules per gram of plant dry weight as well as the dry weight of 1000 nodules was calculated. Whole plants were ground using a Udy Cyclone mill (Udy Corporation, Fort Collins, Colorado) to pass through a 1-mm screen. Nitrogen concentration was determined on whole plant material by gas fusion with a LECO TruSpec® N Nitrogen Determinator (Leco Corporation, St Joseph, Michigan). Values for the 2 plants of the same species in each shade structure were averaged for all plant characteristics analyzed. Figure 3 . Desmodium canadense (in photo), D. canescens, and D. illinoense growth and nodulation were unaffected when light was reduced to 45% ambient sunlight. Photo by Nadia Navarrete-Tindall
J A M E S H H O U X I I I A N D O T H E R S
The experiment was arranged in a randomized complete block design with 3 replicates and was repeated twice. Data were subjected to ANOVA with species and light levels as main effects. Interactions between experiments, light level, and species showed homogeneity of variance so data between experiments were pooled for analysis. Data were analyzed by PROC MIXED (SAS Institute, Cary, North Carolina, 2001) and mean separation using Fishers protected LSD (P < 0.05) was conducted to separate main effects of species within light level and light level within each species.
R E S U L T S
Legume species differed significantly in dry weight, number of nodules produced, nodule weight, and the number of nodules produced per gram of plant dry weight (Table 1) . Light level had a significant effect on dry weight, N concentration, and number of nodules produced, but not on dry weight of 1000 nodules and number of nodules per gram of plant dry weight. A significant interaction of legume species and light level was detected only for the number of nodules observed per plant. Within-species comparisons of dry matter accumulation among light levels revealed no differences between 45% and 100% light for any of the 3 Desmodium species (Table 2) . At 20% light, dry matter yield of all 3 legumes was significantly less than that at 45% or 100% light. All species had greater or equal concentrations of nitrogen at 20% compared with 100% light. Nitrogen concentration of D. canadense was not significantly affected by light level; however, in D. illinoense, N concentration was significantly lower at 45% and 100% light than at 20% light. In D. canescens a significantly reduced N concentration was observed at 45% light, as compared with 20% light (Table 2) .
Desmodium canescens and D. canadense had fewer nodules when grown under 20% light as compared with 45% and 100% light (Table 3 ). There was no difference in number of nodules for these 2 species when grown under 45% or 100% light (Figure 3) . Light had no significant effect on the number of nodules produced on D. illinoense.
When the number of nodules was compared on a plant dry weight basis, there were no within-species differences among the 3 light treatments (Table 3) . Further, nodule size as determined by dry weight per 1000 nodules was unaffected by shade. Even at 20% light, nodule size did not differ significantly from that at 45% or 100% light within any of the 3 species (Table 3) .
D I S C U S S I O N
Although differences in dry matter production among species were observed at 45% light, biomass production within species was not significantly different when D. canescens, D. canadense, and D. illinoense were grown at 45% or 100% light. A significant increase in dry matter production was observed, however, between 20% and 45% light treatments. Therefore, these native legumes could be considered moderately to highly shade tolerant when using response in productivity as the classification criterion. Based on the results obtained in this study, we would expect that these natives would yield well in reduced light environments found within the tree row of alley-cropping systems or tree plantations. Simply based on dry matter production per plant, D. canescens yield would be expected to be greater than that of D. illinoense when light conditions approximate the 45% light treatment in this study.
Nitrogen concentration was unaffected (D. canescens and D. canadense) or increased with decreasing levels of light (D. illinoense). Increased N concentration is a common response of grass species to shaded environments (Kephart and Buxton 1993; Congdon and Addison 2003; Montgomery 2004 ); however, legume N concentration often is unaffected or decreases (Ericksen and Whitney 1982; Sanchez and Ibrahim 1991) . Our results differ from these reports but are similar to those reported by Lin and others (1999) . In their study, which included D. paniculatum and D. canescens, N concentration was either unaffected or increased when light was reduced from 100% to 20% light.
Nodulation was also unaffected by shade. The number of nodules per gram of plant dry matter and the nodule size remained consistent at all light levels within all species. These results differ from those of Congdon and Addison (2003) and Wong and Wilson (1980) , which showed a significant decrease in nodulation of tropical legumes with increasing levels of shade. Chu and Robertson (1974) found that white clover (Trifolium repens L.
[Fabaceae]) nodule weight decreased when light was reduced from 26% to 15% daylight; however, reduced light did not significantly affect the number of nodules per gram of plant weight. Light affects nodulation primarily through regulating the supply of carbohydrates through photosynthesis and carbon fixation (Lie 1974) . For these Desmodium species, the combination of yield, N concentration, and nodulation at 45% light indicate that Light x Legume species ns ns ** ns ns * = significant at P < 0.05; ** = significant at P < 0.01; ns = nonsignificant (P > 0.05)
Effect of 3 light levels on total dry weight and nitrogen concentration of 3 native legumes. z 
--------------------Light Level %---------------------

C O N C L U S I O N S
The Desmodium species examined in this study maintained or increased productivity and maintained N concentration at 45% light as compared with 100% light under controlled conditions. Results presented in this study suggest that D. canescens, D. canadense, and D. illinoense may be well-suited for use within the tree rows of alley-cropping practices or tree plantations. Evaluation of these Desmodium species for their utility in such environments should be expanded to tests under field conditions and should include examination of other characteristics such as a nutritive value and performance in response to grazing. 
R E F E R E N C E S
